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(S) Magnetic recording medium. 

@ A magnetic recording medium composed of an oriented 
polyethylene terephthalaite film as a support layer and a thin 
, magnetic metallic layer formed on one surfece (A) of the 
support layer and optionally a lubricant layer formed on the 
other surface (B) of the support layer; characterized in that 
(1) the surfece A has a center-line average (CLA) of not 
more than 0.005 ym, 

N (2) the surfece A has a peak-to-valley (PV) value of not 

^ more than 0.06 |im. 

(3) the number of protrusions having a height of 0.27 to 

0) 0.54 |im on the surfece A is at most 0.2 per mm', and . 

O (4) the surfece A is substantially free from protrusions 

^ having a height larger than 0.54 )im. 
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MAGNETIC RECORDING MEDIUM 

This invention relates to a high-density 
magnetic recording medium, and more specifically, to a 
magnetic recording medium having a thin magnetic record- 
ing layer, which has a low noise level and a high 
5 signal-to-noise ratio in data reading and particularly 
shows a low noise level during playback in high-density 
recording. 

Ordinary recording media in magnetic recording 
now in use are composed of a suitable substrate, for 
10 example a flexible polymeric film (a polyester film, 

etc. ) having several microns to several tens of microns 
in thickness, and formed on its surface, a magnetic 
recording layer, several microns to several tens of 
microns in thickness, of a dispersion of a ferromagnetic 

15 powder such as Y-P©2°3' Co-doped Y-Pe2°3» ^^^2 ^® 
dispersed in an organic binder. 

As one improvement in the magnetic recording 
technique, it is desired to increase the density of 
recording for each predetermined area. The limit of the 

20 recording density in magnetic memory elements used in 
recording devices such as discs, drums and tapes is 
determined by the ratio of the demagnetizing field to 
coerslve force. The strength of the demagnetizing 
field has to do with the saturation magnetization and 

25 thickness of a recording medium. In order to achieve 
a tolerable level of the signal-to-noise ratio, it is 
necessary to obtain a thin recording layer c&pable of 
producing a sufficent output signal. Such a level is 
easier to achieve as the squareness ratio and the satura 

30 tion magnetic flux density of the B-H curve of the 
■ recording medium become higher. 

It is an object of this invention therefore 
to provide a magnetic recording medium including a thin 
recording layer having a high coercive force, a high 

35 residual magnetic moment and a hysteresis loop with a 
good squareness ratio or a magnetic recording medium 
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having a thin metallic recording layer which has a low 
noise level and a high signal-- to-noise ratio during data 
reading and particularly shows a low noise level during 
playback in high-density recording. 
5 Recently, there have been proposed high- 

density magnetic recording media produced by forming a 
thin metallic layer as a magnetic recording layer on a 
non-magnetic support by a vacuum depositing or plating 
method such as vacuum evaporation or sputtering without 

10 using a binder. For example, a cobalt-deposited tape 
is disclosed in Japanese Laid-Open Patent Publication 
No. 147010/1979 f and a perpendicularly magnetized film 
composed of Co-Cr alloy is disclosed in Japanese Laid- 
Open Patent Publication No. 134706/1977- Metallic 

15 films formed by such film-forming means as vacuum 

evaporation, sputtering or ion plating have a thickness 
of not more than 1.5 microns and exhibit performances 
equivalent to those of conventional coated recording 
media having a magnetic layer thickness of more than 

20 3 microns. 

It is thought that magnetic properties such 
as a coercive force and the squareness ratio of a 
hysteresis loop do not appreciably depend on the surface 
condition of the non-magnetic support used. As an 
25 embodiment of this thought, U.S. Patent No. 3,787,327 
discloses a multilayer structure of Co-Cr obtained by 
vacuum evaporation. This structure, however, has the 
defect that since it has a thin metallic film, the 
surface condition (surface unevenness) of the non- 
30 magnetic support appears directly as the unevenness of 
the magnetic film and the unevenness becomes the cause 
of noises. 

From the viewpoint of noises, the surface of 
the non-magnetic support is desirably as smooth as 
35 possible. But if the surface of the film is too smooth, 
its slippability will be reduced and a blocking phenomenon 
will occur. Hence, in view of the handling of the film 
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such as winding or unwinding, the surface of the base 
film should be slightly rough. Thus,, the surfac of 
a support is required to be smooth from the viewpoint 
of electromagnetic converting characteristics and be 
rough from the standpoint of the handling and running 
characteristics of the resulting recording medium. 

It is another object of this invention there- 
fore to provide a magnetic recording medium comprising 
a non-magnetic support, which simultaneously has these 
two inconsistent properties. 

We have now found that the aforesaid objects 
of this invention can be achieved by using as a non- 
magnetic support (support layer) an oriented poly- 
ethylene terephthalate film, that surface (to be 
referred to as a surface A) of the film on which to 
form a thin magnetic metal layer meeting the following 
requirements (1) to (A). 

(1) The surface A should have a center-line 
average (CLA) of not more than 0.005 ym, preferably 
not more than 0.005 ym; 

(2) the surface A should have a peak-to- 
valley (PV) value of not more than 0,06 ym; 

(3) the number of protrusions on the surface 

A which have a height of 0.27 to 0.5A ym should be at 
2 

most 0.2 per mm ; and 

(A) the surface A should be substantially free 
from protrusions having a height of more than 0.5* ym, 
preferably more than 0.27 ym. 

Thus, according to this invention, there is 
provided a magnetic recording medium comprising ti) 
an oriented polyethylene terephthalate film, as a 
support layer, having a surface A meeting the aforesaid 
requirements (1) to (A) and liiJ a thin magnetic metal 
layer formed on the surface A of the film, and (iii) 
optionally a lubricant layer formed on that surface (to 
be referred to as a surface B) of the film support which 
is opposite to the surface A. 
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The requirements (1) to (4) are measured and 

determined by the following methods. 

(1) Center-line average (CLA) 

This is one measure of surface roughness and 

is determined in accordance with the method of Jis B 0601 

by means of a needle pointer-type surface roughness 

tester (SURFCOM JB, an instrument made by Tokyo Seimitsu- 

sha Co., Ltd.). The tester is allowed to draw a chart 

of a film surface roughness curve under a load of O.OTg 

with a needle tip radius of 2 yra. A portion having a 

measured length L (0.25 mm) is removed in the direction 

of the center line of the curve. The roughness curve 

is expressed by Y=f(X) wherein the X axis is the center 

line of the removed portion and the Y axis is in a 

direction perpendicular to the X axis, K^^^ (ym) is 

calculated from the following equation. 

Let f be f4 /^flx)dx, 
o 

Then, Rcla=E |f(x)-f |dx 
o 

The measurement is made by using 8 samples. 
The three largest measured values are excluded , and the av- 
erage of the five measured values is calculated and 
defined as CLA. 

(2) Peak-to-valley (PV) value 

The PV value is another measure of surface 
roughness, and measured by the following method. 

A surface-roughened film is measured by the 
aforesaid needle point-type surface roughness tester, 
and its film roughness surve is determined under a load 
of 0.19g using a needle with a radius of 2 ym and 
recorded on a chart with a magnification of 50 times 
along the base line on the film and 50,000 times per- 
pendicularly to the plane of the film. From the profile 
roughness curve obtained by this measurement, a portion 
corresponding to a measured length of the film (standard 
length 26 mm) is sampl d. In this portion of the 
profile roughness curve, the largest distance between 
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a peak and an adjacent valley is measured. The measured 

distance Is divided by the magnification in a direction 

perpendicular to the plane of the film (i. 50000) 

and the quotient is expressed in microns. The average 

5 of 10 replicates measured and calculated In the same 

manner as above is defined as the PV value. 

(3) and (4) Number of protrusions 

Aluminum is uniformly deposited on the surface 

of a sample film by vacuum evaporation to a thickness 
o 

10 of 400 to 500 A. Collodion is bonded to the other 

surface of the fllmi and dried. By using a microscope 
of the visible monochromatic multiple interference 
reflecting type (Model JENA 3862A2 made by Carl Zeiss JENA 
Company) , 100 arbitrarily selected sites of the film are 

15 photographed on a scale of 100 X. The number of 

protrusions in the photographs having a height of 0.27 

to 0.5^ ym (to be referred to hereinafter as the number 

of 0.27-0.54 ym protrusions) and the number of protrusions 

having a height larger than 0.5A ym (to be referred to 

20 as the number of >0.5A ym protrusions) are counted. 

2 

These numbers are converted to values per mm . The 

2 

field of vision of one photograph is 0.155 mm . 

The "polyethylene terephthalate" , as used 
in this invention denotes not only polyethylene tere- 

25 phthalate homopolymer, but also polyethylene terepbtha- 
late copolymers composed of at least 85% of ethylene 
terephthalate recurring units and the remainder being 
units derived from another acid or glycol component. 

All conventional known methods for forming 

30 thin magnetic films can be used in this invention. 

Preferred techniques are vacuum evaporation, ion plat- 
ing i sputtering and elect roless plating. 

According to the vacuum evaporation method , 
a metal in a tungsten boat or an aluminous hearth is 

35 evaporated under a vacuum of 10"^ to 10"^ torr by 

resistance heating, high-frequency heating, electron 
beam heating, etc. to deposit the vapor of the metal 
onto the support. Pe, Ni, Co and alloys cf these are 
usually employed as the metal. The present invention 
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can also use a reactive evaporating method which involves 
evaporating F in an oxygen atmosph re to obtain an iron 
oxide film. The ion plating method comprises producing 
a DC glow* discharge or an Rf glow discharge In an 
atmosphere composed mainly of an inert gas under 10*^ 
to 10 torr, thereby to evaporate the metal In the 
discharge. Usual ly, Ar Is used as the inert gas. Ac- 
cording to the sputtering method, a glow discharge is 

produced in an atmosphere composed mainly of Ar under 
-3 -1 

10 to 10 torr, and atoms are ejected from the- . 
surface of a target by the Impact of the resulting Ar 
ions. Glow discharge may be produced by a DC double- 
pole or triple-poly sputtering method and a high- 
frequency sputtering method. A magnetron sputtering 
method utilizing magnetron discharging can also be 
used. The electroless plating method gives a Co-P 
or Co-Ni-P plated layer. 

The thickness of the thin magnetic film should 
be sufficient to produce an output signal as a high- 
density magnetic recording medium. Thus, although 
some variations exist depending upon the method of 
forming the magnetic film or its use, the thin magnetic 
film preferably has a thickness in the range of generally 
0.02 to 1.5 pm (200 to 15000 X). 

Thin magnetic films for londltudlnal recording 
in audio and video devices, computers, etc. may be 
formed by evaporation (heat evaporation, electron beam 
evaporation, etc.), sputtering (double-pole DC sputtering, 
high-frequency sputtering, etc.), etc. In the evapora- 
tion process, a ferro-magnetlc metal such as Co is 
deposited obliquely in a continuous manner on a non- 
magnetic oriented polyethylene terephthalate support 
so that the axis of easy magnetization is developed in 
the horizontal direction of the tape, and this process 
Is repreated. By this process, crystal magnetic 
anisotropy and shape can be developed In the horizontal 
direction of the tape. Accordingly, the total thickness 
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of the thin metallic layer is preferably about 0.02 to 

o 

about 0.5 ym (200 to 5000 A). In the formation of a thin 
magnetic film for PCM or flexible discs capable of 
performing high-density, digital recording, the generated 
5 demagnetizing field can be inhibited by including a 
suitable amount (10 to 20%) of Cr in Co and thus the 
axis of easy magnetization can be developed in the 
perpendicular direction of the non-magnetic oriented 
polyethylene terephthalate. 

10 Usually, a Co-Cr alloy having a thickness of 

0.2 to 1.5 V is used in the sputtering method. In 
this case, a thin film of a magnetic flux converging 
material composed of a material having a high magnetic 
permeability, such as permaalloy (Fe~Ni) or a superalloy 

15 may be disposed between the non-magnetic oriented 
polyethylene terephthalate support and the magnetic 
recording layer having an axis of easy magnetization 
in the perpendicular direction. The material having 
a high magnetic permeability as a magnetic flux converg- 

20 ing material is formed by sputtering. It is a thin 
film layer having a thickness of Q.l to 1 (1000 to 
10000 A) and a low coercive force (not more than 50 
oersteds). At this time, the magnetic recording layer 
is preferably formed in a Co~Cr film thickness of 0.2 

25 to 1.5 ym (2000 to 15000 t) . 

The thin metallic film formed by such evapora- 
tion or sputtering has a small thickness which is 1.5 
ym at the largest, and the surface condition of the non- 
magnetic oriented polyethylene terephthalate support 

30 directly appears as the unevenness of the magnetic 
film, thus causing noises. From the standpoint of 
noises, therefore the non-magnetic oriented polyethylene 
terephthalate support preferably has a smooth surface 
A. A magnetic recording medium having a thin metallic 

35 recording layer on a polyethylene film support meeting 
the surface property requirements (1) to (4) has a 
drastically r duced noise level. This effect is 
especially outstanding when the support surface has a 
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CLA of not more than 0.004 ym. There is no particular 
lower limit to CLA, but usually it is about 0.003 ym. 

In ord r to obtain a film having the above- 
defined surface properties, there can be employed a 
method which comprises preparing a film from a polymer 
containing an inert inorganic compound or an insoluble 
catalyst residue, or a method which comprises subject- 
ing a film ordinarily prepared to a mechanical or 
chemical surface roughening treatment. A polyethylene 
terephthalate film having an optically flat surface as 
described hereinafter is the most preferred Support for 
use in this invention. 

The inert inorganic compound includes sub- 
stances which are insoluble in, and inert to, thermo- 
plastic resins. Examples include MgO, ZnO, MgCOg, CaCO^, 
CaSO^, BaSO^, Al2G^,Si02, TiOg, kaolin, pottery stone, 
dlatomaceous earth, aluminosilicates and the hydrates 
thereof, calcium terephthalate, carbon black, and 
calcium phosphate. 

The desired surface properties can be obtained 
by properly combining the particle size and amount of 
the inert compound to be added, and the film- forming 
conditions. The desired particle size can be obtained 
by various methods which can be practiced by those 
skilled in the art including the pulverizing and mixing 
of additives. For example, in the calcium carbonate, 
a slurry of it in ethylene glycol is classified by a 
classifying device {P-660 Super Decanter, made by Tomoe 
Kogyo Co., Ltd.). In the case of calcium terephthalate, 
it is formed into agglomerated particles of a suitable 
size by applying loads such as shearing, compression 
and impact, and then classified. In the case of calcium 
phosphate, an aqueous slurry of calcium phosphate is 
prepared, and the dispersed calcium phosphate is 
pulverized in a sand mill. The particle size of the 
calcium phosphate in the slurry can be reduced to the 
desired value by repeating tne pulverizing operation a 
suitable number of times. 



0061769 

- 9 - 

The amount of the inert Inorganic compound 
depends upon the its particle size distribution and 
cannot be generalized. Usually > however » the suitable 
amount is from 0.01 to 1% by weight. 
5 The preferred range of the particle size 

distribution of the inert inorganic compound is as 
follows: 

Particle size {d, um) Proportion {%) 
d>1.5 0 
1.5>d>0.5 0-5 

0.5>d>0.2 20 - 50 

0.2>d 45-80 

The ratio of the particle sizes of the inert 
10 Inorganic compound can be calculated as follows: 

By using the Stokes* equation, the sedimenta- 
tion times corresponding to various particle sizes are 
calculated , and the ranges of the sedimentation times 
corresponding to the respective particle size ranges 
15 are determined* 

IBnh 
^G(Pp-p^)xd2 

T: the sedimendation time (sec.) 

n: the viscosity of a medium (g/cm.sec=poises) 

h: the sedimentation distance (cm) 

2 

20 G: the acceleration of gravity (980 cm/sec ) 

p^: the density of the inert inorganic com- 
pound (g/cm^) 

3 

p^: the density of the medium (g/cm ) 
d: the particle diameter of the inert inorganic 
25 compound (cm) 

Then, by using a centrifugal sedincentation- 
type particle size distribution device (CP-50 made by 
Sbimadzu Seisakusho Co. Ltd.), the weight of the 
sedimented inert inorganic compound within the range of 
30 the precipitation time, and the percentage of the measured 
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weight based on its total weight is calculated. 

The insoluble catalyst residue can be formed 
in the polyester by combining suitable amounts of an 
ester-interchange catalyst and a stabilizer. A film 
5 from a polyester containing a controlled amount of the 
insoluble catalyst residue has formed on its surface 
a controlled amount of raisings and depressions. 

A polyethylene terephthalate film having an 
optically flat surface is prepared , for example, as 
10 follows: 

The starting polyethylene terephthalate resin 
is obtained by subjecting a lower alkyl ester of a 
dicarboxylic acid comprisirg terephthalic acid as a main 
component and a glycol comprising ethylene glycol as a 

15 main component to an ester-interchange reaction using 
a compound of at least one metal selected from Mn, Zn, 
Ca and Mg as a catalyst and a glycol solution containing 
a specified phosphorus compound as a stabilizer, and 
poly condensing the resulting product. The glycol solution 

20 described above is a solution of the phosphorus compound 
obtained by heat-treating a tri( lower alkyl) phosphate 
in ethylene glycol. This solution should satisfy the 
amount of potassium hydroxide expressed by the following 
formula, which is required until the pH of the solution 

25 reaches 9>5 when it is titrated with potassium hydroxide. 

wherein (P) is the amount (moles) of phosphorus 
in the glycol solution titrated, and (KOH) is 
the amount (moles) of potassium hydroxide 
30 required to the titration. 

When the heating temperature used in the preparation 
of the stabilizer falls outside the range of 130 to 
180^C, there is a tendency toward the formation of many 
protrusions derived from the catalyst residue in the 
35 resulting oriented polyethylene terephthalate film. 
Then, the resulting polyethylene terephthalate resin, 
either as such or after including a suitable amount of 
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the inert Inorganic compound having a controlled 
particle sl2e distribution » is melt extruded at a resin 
temperature of 260 to 320^C for a residenc time of 2 
to 20 minutes in the extruder to form an unstretched 
5 film having an intrinsic viscosity (n) of 0,35 to 1.0. 
The film is then stretched to 2.5 to 5.0 times its 
original dimension in the longitudinal or transverse 
direction at a temperature above the second order 
transition point (referred to as Tg) of the polyethylene 

10 terephthalate to a temperature 70^C higher than Tg, and 
further stretched at a stretch ratio of 2.5 to 5.0 in 
a direction at right angles to the first stretching 
direction (e.g., in the transverse direction when the 
first stretching is in the longitudinal direction) at 

15 a temperature from Tg to (Tg + 70^C). (The stretching 
may be successive biaxial stretching or simultaneous 
biaxial stretching, and there is no particular restric- 
tion in this regard). If desired, the stretched film 
may further be stretched longitudinally or transversely 

20 to a total stretch ratio of about 2.b to about 6.0. 

The blaxially oriented polyethylene terephthalate film 
is then heat-set for 1 to 100 seconds at a temperature 
usually in the range of from (Tg + 70^C) to the melting 
point of the polyester. 

25 Compounds containing Hn, Zn, Ca or Mg used 

as the ester- interchange catalyst may be any compounds 
which have an ester-interchanging ability. Especially 
preferred catalysts are organic acid salts formed between 
acetic acid, propionic acid, salicylic acid or benzoic 

30 acid and any one of Mn, Zn, Ca or Mg. The suitable 
amount of the catalyst compound used is 0.005 to 0.05 
mole% based on the dialkyl ester of a difunctional 
carboxylic acid used as a starting material for poly- 
ethylene terephthalate. The time of adding the catalyst 

35 compound containii}g Mn, Zn, Ca or Mg may be any point 
of time before the completion of the ester->lnterchange 
reaction. Usually, it is added be for or 1mm diately 
after the beginning of the reaction. 
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The glycol solution containing a phosphorus 
compound as a stabilizer, i.e. the reaction product 
obtained by heat-treating the tri( lower alkyl) phosphate 
in ethylene glycol, may be added at any time, preferably 
after the ester-interchange reaction has been substantial- 
ly completed. Examples of the tri( lower alkyl) 
phosphate are trimetbyl phosphate, triethyl phosphate 
and tri-n-butyl phosphate. 

The oriented polyethylene terephthalate film 
obtained after a series of steps of ester-interchange, 
polycondensation, film formation, stretching and heat- 
setting is almost free of protrusions on its surface. 
Even if such protrusions do occur, they are very fine, 
and the surface is substantially smooth, meeting the 
requirements (1) to (4) described hereinbefore. 

The surface B of the oriented polyethylene 
terephthalate film used as a support in this invention 
is free from the restrictions Imposed on the surface A. 
It is preferred however to provide a lubricant layer 
on the surface B in order to improve the slippability 
of the film over itself and prevent a blocking phenomenon. 
Such a lubricant layer may be formed by methods known 
per gg> For example, it can be formed by coating an 
aqueous or solvent solution containing a lubricant, a 
polymeric binder and a surface active agent and 
optionally, an ultraviolet absorber, an antistatic 
agent, etc. during or after the film formation, and 
then drying the coated film. Examples of the lubricant 
are organic lubricants such as sorbitan, organic polymeric 
lubricants such as Teflon^ or polyethylene, and in- 
organic lubricants such as alumina, kaolin, silica 
and molybdenum sulfide. Examples of the polymeric 
binder include copolymerized polyethylene terephthalates , 
polyurethan, nylons and melaraine resins. A lubricant 
layer formed by coating the surface B with a reactive 
aqueous composition composed of a metal aery late, poly- 
ethylene glycol, and polyethylene glycol diglycidyl ether 



0061769 

- 13 - 

Is especially preferred because it has fine mountain- 
like raised and depressed portions, i.e. fine creases, 
and. exhibits excellent runnability and abrasion resist^- 
ance* 

5 In one embodiment of this invention, the 

oriented polyethylene terephthalate film as a support 
is produced by laminating a film providing the surface 
A and a film providing the surface B by a co~extruslon 
method, and blaxially stretching the resulting laminated 

10 film either successively or simultaneously. The blaxial- 
ly stretched laminated film has a total thickness of 
3 to 100 ym, preferably 5 to 50 ym, although its thick- 
ness may vary depending upon the intended use. There 
is no particular restriction on the proportion of 

15 the thickness of the film providing the surface A 
based on the total thickness of the laminated film, 
but it may be between 50 to 90%* 

In another preferred embodiment of this In- 
vention, care is taken to minimize the dust content 

20 of the atmosphere to which the polyethylene terephthalate 
film is exposed in the step of forming an oriented 
polyethylene terephthalate film support and processing 
steps such as slitting. Preferably, the atmosphere 
should be rated as class 10,000, especially class 100, 

25 according to the clean room sclae. The "clean room 
scale" is in accordance with United States Standards 
209b. The number showing a class indicates the number 
of fine particles having a diameter of at least 0.5 ym 
contained per cubic foot of air. For example, class 

30 100 means that the number of fine particles is not more 
than 100 per cubic foot of air. Likewise,, class 
10,000 means that the number of such fine particles is 
not more than 10,000. 

Even when the atmosphere has such a clean 

35 room scale, dust in the air may be attracted to the 

film surface by static charge generated during winding, 
or cut dusts of the film during slitting may adhere to 
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the surface of the film, causing the occurrence of 
dropouts in the resulting magnetic recording material. 
It is desirable therefore to prevent th adhesion of 
dusts by eliminating the charge built up on the film 
surface in the film- forming and processing steps. It is 
sometimes necessary to remove the adhering dust by 
charge-eliminating or vacuum sucking means. Thus, in 
the film-forming and slitting steps, it is preferred 
to perform a cleaning treatment of the film surface (by 
removal of an electric charge, blowing of clean air, 
or the sucking of the air from the film surface) in 
addition to using a clean room. 

The manufacturing atmosphere can be maintained 
at class 10,000, preferably class 100, on the clean room 
scale by removing dust or fine particles from the air 
by a high-performance filter, and controlling the temper- 
ature and air current distributions. In order to 
prevent adhesion of dust while eliminating an electric 
charge from the film, the film may be subjected to an 
ordinary charge-eliminating procedure, for example, by 
blowing of ionized air. To remove the adhering dust, 
there may be used (a) a method comprising removing 
the dust adhering to the film surface by a suction 
blower while eliminating a static charge, or (b) a method 
comprising applying a high-speed air to one surface of 
the film and vacuum suction to the other while eliminat- 
ing an electric charge. According to the method (b), 
the air ionized by ultrasonic waves is applied to the 
surface of the film to destroy an unstable air layer on 
the film surface and separate the adhering fine particles 
completely from the air film or from a zone to which the 
dust is adhering by moisture, and the separated fine 
particles are sucked by a vacuum chamber located nearby. 
Needless to say, the air to be blown must be rated 
as class 10,000 or 100 on the clean room scale. 
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The following examples illustrate the present 
invention specifically. It should be understood that 
the invention is not limited to the specific mbodiments 
shown in these examples. 
5 Examples 1 to 4 and Comparative Examples 1 to 3 

In Examples 1 to 4, 100 parts of dimethyl 
terephthalate and 70 parts of ethylene glycol were 
subjected to an ester- interchange reaction in the presence 
of 0.023 part (0.020% based on dimethyl terephthalate) 

10 as a catalyst at 150 to 240^C for 4 hours while distilling 
off methanol. 

Each of the stabilizers prepared by the methods 
shown in Table 1 (glycol solutions of phosphorus com- 
pounds) was cooled to room temperature, and 0.014 part 

15 of the stabilizer calculated as trimethyl phosphate was 
added. As a polycondensation catalyst, 0.04 part of 
antimony ""trioxide was added, and a predetermined amount 
(see Table 1; in Examples 1 to 3, the catalyst was not 
added) of each of inert inorganic compounds having the 

20 particle size distributions shown in Table 1 was added. 
The ester- interchange reaction product was thus poly- 
condensed under a high vacuum of not more than 1 mmHg 
for 4 hours to give polyethylene terephthalate having 
an intrinsic viscosity (n), measured at 25^C in an o- 

25 chlorophenol solution of the polymer, of 0.65. 

In Comparative Examples 1 to 3, the ester- 
interchange reaction was performed by using 40 millimole 
% of zinc acetate, 20 millimole % of antimony trioxide 
and 40 millimole % of phosphorous acid, based on dimethyl 

30 terephthalate, as a catalyst, and a predetermined amount 
(see Table 1; in Comparative Example 1, it was not added) 
of each of inert inorganic compounds having the particle 
size distributions indicated in Table 1 was added, and 
the ester-interchange reaction product was polycondensed 

35 to give polyethylene terephthalate having an In) of 0.65* 
Each of the polyethylene terephthalates obtained 
in Examples 1 to 4 and Comparative Examples 1 to 3 was 
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dried at 160*^C, melt- xtruded at 290°C, and quenched and 
solidified on a casting drum held at 40^C to give an 
unstretched film having a thickness of 130 ym. 

The unstretched film was successively stretched 
5 longitudinally at 90^C and a stretch ratio of 3.5 and 
then transversely at 120^C and a stretch ratio of 3.8. 
One surface of the resulting film was coated with a 1% 
by weight aqueous solution of a composition consisting 
of A5% by weight of modified poiysiloxane, 40% by weight 
10 of aminosilane, 5% by weight of MoSg and 10% by weight 
of a surface-active agent, and heat-set at 205^0 for 10 
seconds to give a film having a thickness of 10 ]m and 
containing a lubricant layer. 

The resulting films had good slippability and 
15 could be wound up in good condition without blocking. 

On the uncoated surface of the resulting film, 
(1) an Ho-permalloy layer having a low coercive force 
was formed, and then (2), a perpendicularly magnetized 
layer of Co-Cr was formed on the permalloy layer by 
20 the following procedures. 

(1) Mo-permalloy layer having a low coercive 
force 

Using an Mo-permalloy target (Ni 78%, Fe 18% 
and Mo 4%) having a thickness of 1 mm, a film having 
25 a thickness of 0.3 ym was prepared at a deposition speed 
of 500 A/min. in Ar (99.99%) under 1 x 10""^ torr by a 
DC magnetron sputtering technique. The resulting film 
had an in-plane coercive force of about 2 
oersteds. 

30 (2) Co-Cr vertical perpendicularly magnetized 

film layer 

A Co-Cr alloy film having a thickness of 1,0 
ym was formed at a deposition speed of 500 A/min. in Ar 
199.99%) under 1 x 10 torr by a DC magnetron sputter- 
35 ing technique using a Co-Cr alloy target (Cr 17% by 
weight) having a thickness of 4 mm. The dispersion 
angle (AB^q: the half-value width of the rocking 
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curve) of the C axis of a hexagonal most closely packed 
crystal lattice determined from the X-ray rocking 
curve of the resulting perpendicularly magnetized film 
was 5 to 6^. The film had a coercive force in the 
5 perpendicular direction, determined from the magnetic 
B-H curve, of 610 to 660 oersteds and an in--plane 
coercive force of 200 to 250 oersteds. 
The saturation magnetization was about 450 emu/cc. 

.The resulting recording media having a layer 

10 with a low coercive force and a perpendicularly 

magnetized layer were substantially free from curling. 

Each of the magnetic recording media obtained 
was slit to a width of 1/A inch to form a tape. The 
tape was subjected to recording and playback at a speed 

15 of 9,5 cm/sec. using a ring head having a gap length 

of 0.3 )im, and its electromagnetic converting character- 
istics (digital recording density characteristics) were 
evaluated. Specifically, the high-density recording 
characteristics, especially the noise level, of the 

20 tap were evaluated by measuring the S/N ratio (dB) 

during recording and playback of lOKBPI and the decrease 
ratio (dB) of the output during recording and playback 
of 50 KBPI based on the output during recording and 
playback of 10 KBPI. 

25 The results show that while the decrease 

ratio of the playback output was large and the noise 
level was inferior in Comparative Examples 1 to 3, the 
magnetic recording media of the invention obtained in 
Examples 1 to 4 had a high S/N ratio (dB) and a much 

30 better noise level. 
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Examples 5 to 8 and Comparative Examples ^ to 6 

In Examples 5 to 8, the same oriented poly- 
ethylene terephthalate films as in Examples 1 to A were 
xised as a support, and in Comparative Examples 4 to 6, 
5 the same oriented films as in Comparative Examples 1 
to 3 were used as a support. 

Using an electron beam beat evaporating 
device, a magnetic recording layer was formed on each 
of the film supports by depositing a Or layer having j 
10 a thickness of 0.1 \xm on the film at a depositing I 

0 fi ' 

speed of 200 A/min. under a vacuum of 1 x 10" , and 
obliquely depositing a vapor of Co-Cr alloy (Cr 10% 
by weight) on the Cr layer at a speed of 80 t/mln. at 
an angle of 70^ to the perpendicular to the film surface. 

lb The resulting Co-Cr magnetic layer had a saturation 

magnetization of about 700 emu/cc, a coercive force in 
the machine direction of 600 to 6bO oersteds and a 
squareness ratio of about 0.9t>> 

The film having the recording layer so formed 

20 was slit to a width of 1/2 inch, and its frequency 

characteristics and noise level were measured by using 
a commercial rotary head-type VTR device. Recording 
and playback were carried out while maintaining the 
gap length of the magnetic head at 0.3 pm, the relative 

25 speed of the tape and the head at 3 m/sec. 

As standards of evaluation, the S/N (dB) with 
a recording signal of 1 MH^ and the decrease ratio (dB) 
of the playback output at 5 MH^ (recording wavelength 
0.6 p m) based on the playback output at IMH^ were 

30 measured. The results are shown in Table 2. 

Table 2 





Example 


Comparative 
Example 


5 


6 


7 


8 




5 


6 


S/N (dB) 
(1 MHz) 


65 


70 


68 


65 


52 


53 


38 


S(l MHz) 
Sl5 MHz) 


5 


3 


4 


5 


9 


10 


lA 
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The results show that while In Comparative 
Ex.ampl s A to 6t the decrease ratio of the playback 
output was large and the noise level was inferior, 
the magnetic recording media of the invention obtained 
5 in Examples 5 to 8 had a high S/N (dB) ratio and a much 
better noise level. 

Examples 9 to 11 and Comparative Examples 7 to 8 

One hundred parts of dimethyl terephthalate and 
70 parts of ethylene glycol were subjected to an ester- 

10 interchange reaction in the presence of 0.023 part 
(0.020 mole% of the dimethyl terephthalate) of zinc 
acetate as a catalyst at 150 to 240^C for 4 hours while 
distilling off methanol. 

Each of the stabilizers (glycol solutions of 

15 phosphorus compounds) prepared by the methods shown 
in Table 3 was cooled to room temperature, and added 
in an amount of 0.014 part calculated as trimethyl 
phosphate. As a polycondensatlon catalyst, 0.04 part 
of antimony trioxide was added, and the ester-interchange 

20 reaction product was polycondensed for 4 hours under 
a high vacuum of less than 1 mmHg to give polyethylene 
terephthalate. The resulting polyethylene terephthalate 
chips were dried at 170^C for 3 hours, and melt- 
extruded under the conditions shown in Table 3 to give 

25 an unstretched film having a thickness of 140 ym. 

The film was stretched at 90^C and a stretch 
ratio of 3»6 in the Imgitudinal direction, then 
stretched at lOO^C and a stretch ratio of 3.9 1a the 
transverse direction, and heat-set at 210^C for 10 

30 seconds to give an oriented polyethylene terephthalate 

film having a thickness of 10 ym. The surface properties 
of the resulting film are shown in Table 3. 

Then, in order to Improve the handlability of 
the film, one surface of the resulting film was coated 

35 with a 2% by weight aqueous solution of a composition 

consisting of 45 parts of epoxy»modified silane, 40 parts 
of aminosllane, 5 parts of MoS^ and 10 parts of a 



0061769 

- 21 - 

eurface-activ agent, and then the film was heat^-set. 

An Mo-permalloy layer having a low coercive 
force was formed on the uncoated surface of the film, 
and a* Co-Cr perpendicularly magnetized film layer was 
formed on the permalloy layer, by the same methods as 
in Examples 1 to 4 and Comparative Examples 1 to 3. 

The resulting recording media having the 
layer with a low coercive force and the perpendicularly 
magnetized layer were substantially free from curling. 

The electromagnetic converting characteristics 
of the resulting magnetic recording media were measured 
in the same way as in Examples 1 to 4 and Comparative 
Examples 1 to 3, and the results are shown in Table 3. 

It is seen from Table 3 that the magnetic 
recording media obtained by using the oriented poly- 
ethylene terephthalate films prepared in Examples 9 
to 11 had a high S/N (dB) ratio and a much better noise 
level. 
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Examples 12 to 14 and Comparative Examples 9 and 10 

A recording layer was formed in the same way 
as in Examples 5 to 8 and Comparative Examples A to 6 
on the same oriented films as used in Examples 9 to 
5 11 (Examples 12 to 14 )| or the same oriented films as 
used in Comparative Examples 7 and 8 (Comparative Ex- 
amples 9 and 10). 

Specifically, by using an electron beam heat 
evaporation device, Cr was deposited to a thickness 

10 of 0.1 ym on the film at a depositing speed of 200 X/ 
sec. under a vacuum of l x 10""^ torr, and Co-Cr alloy 
(Cr 10% by weight) was obliquely deposited on the Cr 
layer to a thickness of 0.15 ym at a depositing speed 
of 80 X/sec. at an angle of 70^ to the perpendicular 

15 to the film surface. 

The resulting Co-Cr magnetic layer had a 
saturation magnetization of about 700 emu/cc, a coercive 
force in the machine direction of 600 to 650 oersteds, 
and a squareness ratio of about 0.95. 

20 The film having the recording layer so formed 

was slit to a width of 1/2 inch, and its frequency 
characteristics and noise level were measured by a 
commercial rotary head-type VTR device in the same way 
as in Examples 5 to 8 and Comparative Examples 4 to 6. 

25 The results are shown in Table 4. 

Table 4 





Example 


Comparative 
Example 




12 


13 


1^ 


9 


10 


S/N (dB) 
(1 MHz) 


65 


70 


68 




52 


S{1 MHz) 
S(5 MHz) 


5 


3 




11 


9 



It is seen from Table 4 that the magnetic 
recording media prepared by using the oriented poly- 
ethylene terephthalate films of this invention (Ex- 
amples 12 to 14) had a high S/N ratio and a much better 
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noise level. 

Examples 15 to 17 and Comparative Examples 11 to 13 

In these examples, a polyethylene terephthalate 
film support was produced by laminating a film providing 
surface A and a film providing surface B by a co- 
extrusion method. 

One hundred parts of dimethyl terephthalate 
and 70 parts of ethylene glycol were subjected to an 
ester-interchange reaction in the presence of 0.023 part 
(0.020 mole* based on dimethyl terephthalate of zinc 
acetate at 150 to 240°C for A hours while distilling 
off methanol. Then, a stabilizer (a glycol solution 
of a phosphorus compound) was prepared, cooled to room 
temperature and added in an amount of 0.014 part 
calculated as trimethyl phosphate. Then, O.OA part of 
antimony trioxide was added as a polycondensatlon 
catalyst, and further, a predetermined amount of each 
of the inert inorganic compounds having the particle 
size distribution shown in column I of Table 5 was added. 
The ester- interchange reaction product was thus poly- 
condensed for 4 hours under a high vacuum of less than 
1 mmHg to give a polyethylene terephthalate composition 
I having an (nJ, measured at 25**C in o-chlorophenol, 
of 0.65 (a material for a film providing surface A). 

Separately, a polyethylene terephthalate com- 
position II (a material for a film providing surface B) 
having an (n) of 0*65 was prepared by performing the 
same polycondensatlon reaction as in the preparation 
of the polyethylene terephthalate composition I above 
except that a predetermined amount of each of the inert 
inorganic compounds having the particle size distribu- 
tions shown in column II of Table 5 was added. 

The compositions I and II were co-extruded 
so that the ratio of the thickness of the former to 
that of the latter was 1:1. Thus, an unstretched film 
having a thickness of 210 ym was prepared. The un- 
stretched film was stretched first in the longitudinal 
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direction at 90^C and a stretch ratio of 3,5, and then 
in the transverse direction at lOO^C and. a stretch ratio 
of 4.0. The biaxlally stretched film was heat-set at 
205^C for 30 seconds to produce a film having a thickness 
5 of 15 tim. 

Before the above heat-setting operation, the 
surface B of the oriented film (except Comparative 
Example 13} was coated with a lubricant solution con- 
sisting of 12 kg of a 2% by weight solution of aluminum 

10 acrylate (P-3^, a product of Asada Chemical K.K.), 

5 kg of a 2% by weight solution of polyethylene glycol 
having a molecular weight of 19,000 (a product of Nippon 
Oils and Fats Co., Ltd.)i 2 kg of a 2% by weight solution 
of polyethylene glycol diglycidyl ether (NEROIO®', a 

15 product of Nagase Sangyo Co., Ltd.) and 1 kg of a 2% by 

weight solution of polyoxyethylene nonyl phenyl ether. 

p 

The amount of the lubricant applied was about 2,2 g/m 

2 

in the wet state (about 0.0126 g/m as solids). 

The slippability of the resulting film was 

20 good and no blocking occurred. It could be wound up 
in good condition. 

In the same way as in Examples 1 to 4 and 
Comparative Examples 1 to 3, an Mo-permalloy layer 
having a low coercive force and a Co-Cr perpendicularly 

25 magnetized layer were formed on the surface A of the 
resulting film. The resulting recording medium having 
the layer with a low coercive force and the perpen- 
dicularly magnetized layer was substantially free from 
curling. 

30 The properties of the resulting magnetic 

recording media were measured in the same way as in 
Examples 1 to 4 and Comparative Examples 1 to 3. The 
results are shown in Table 5* 

It is seen from the results shown in Table 5 

35 that the magnetic recofding media obtained in Examples 
15 to 17 had a high S/N ratio (dB) and a much better 
noise level. 
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Example 18 
(Run A) 

One hundred parts of dimethyl terephthalate 
and 70 parts of ethylene glycol were subjected to an 
5 ester-interchange reaction in the presence of 0.023 part 
of zinc acetate as a catalyst at 150 to 2A0^C while 
distilling off methanol, 

Trimethyl phosphate (25 parts) and 75 parts of 
ethylene glycol were reacted under reflux at 140^0 for 
10 5 hours in a closed system. The product was cooled to 
room temperature, and added to the ester-interchange 
reaction product in an amount of O.OW part calculated 
as trimethyl phosphate, and then 0.04 parts of antimony 
trioxide was added as a polymerization catalysts The 
15 ester- interchange reaction product was thus poly- 
condensed for 4 hours under a high vacuum of less than 
1 mmHg to give polyethylene terephthalate chips. 

The polyethylene terephthalate chips were 
dried at 170°C for 3 hours, and then melt-extruded by 
20 an extruder with a residence time of 7 minutes to form 
an unstretched film having a thickness of 140 ym. 

The unstretched film was stretched longitudinal- 
ly at 90^C and a stretch ratio of 3.6, then transversely 
at 100°C and a stretch ratio of 3.9, and heat-set at 
25 210°C for 10 seconds to give an oriented polyethylene 
terephthalate film having a thickness of 10 \xm. 

To improve the handling property of this film, 
its one side was coated with a 2% by weight aqueous 
solution of a composition consisting of A5 parts by 
30 weight of epoxy-modifled silane, 40 parts by weight of 
aminosilane, 5 parts by weight of MoSg and 10 parts by 
weight of a surface-active agent. The film was then 
slit to a width of 100 mm and a length of 100 m. 

The film formation and slitting were carried 
35 out in an atmosphere rated as class 10,000 on the clean 
room scale. 
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(Run Bl 

The same procedure as In Run A was carried 
out except that, the film formation and slitting were 
performed in an atmosphere rated as class 100 on the 
5 clean room sclae.. 
(Run C) 

The film formation and slitting were carried 
out in an atmosphere rated as class 10^000 on the clean 
room scale as in Run A. In this Run, in a first wind-up 

10 step in the film formation and a second wind-up step 
in the film slitting, static charges were eliminated 
by blowing ioni2;ed air against the film, and simul- 
taneously, the dust adhering to the film was removed by 
impinging air ionized by ultrasonic waves against the 

15 film surface vrtiile blowing high-speed air and perform- 
ing vacuum sucking. 
(Run D) 

A slit film was produced in the same way as 
in Run C except that the atmosphere in the film forma- 
20 tion and slitting was changed to that rated as class 
100 on the clean room scale. 
(Run E) 

A. slit film was produced in the same way as 
in Run A except that no measure was taken against static 

25 charge build-up and dust adhesion, and the film forma- 
tion and slitting were carried out in an atmosphere 
rated as class 100,000 on the clean room scale. 

On each of the slit films obtained in the 
above Runs A to E, Co-Ni alloy (Ni 18%) was obliquely 

30 deposited to a thickness of 0.10 \xm at a depositing 
speed of 80 X/sec* at an angle of 70^ to the perpen- 
dicular to the surface of the film under a vacuum of 
1 X 10~^ torr by using an electron beam heat evapora- 
tion device. 

35 The resulting Co-Ni layer had a saturation 

magnetization of about 700 emu/cc, a coercive force in 
the machine direction of 600 to 650 oersteds and a 
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squareness ratio of abou4; 0.95* 

The slit films having the recording layer 
were each slit further to a width of 1/2 inch, and their 
frequency characteristics and noise levels were measured 
by using a commercial rotary heat- type VTR device. 
The recording and playback were carried out while 
maintaining the gap length of the magnetic head at 0.2 
ym, and the relative speed of the tape and the head at 
3.7 m/sec. 

As evaluation standards, the S/N (dB) ratio 
at a recording signal of 1 MHz, and the ratio of the 
playback output at 1 MHz to that at 4.6 MHz (central 
recording wavelength 0.8 ym) were determined. The 
results are shown in Table 6. 

The number of dropouts per minute at 15 yS-20 
dB and AO yS-20 dB are also shown in Table 6. The 
number of dropouts per minute was determine'd from the 
recording area per minute (svideo track width tape 
running speeds^ mm x 14.3 mm/ sec. x 60S). 

Table 6 





Run 


A 


B 


C 


D 


E 


S/N (dB) 
(1 MHz) 


70 


75 


72 


77 


60 


S(lMHz) j^B, 
3(4.6 MHz) 


4 


3 


4 


2 


7 


Number of 

dropouts 

per 

minute 


40 yS 
20 dB 


31 


11 


26 


7 


350 


15 yS 
20 dB 


83 


26 


75 


20 


1300 



It is seen from Table 6 that the magnetic 
tapes produced by using the polyester films produced 
in an atmosphere having a much reduced dust content had 
a high S/M ratio, and much improved noise lev Is and 
dropout numbers. 
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WHAT WE CLAIM IS: 

1. A magnetic recording medium composed of an 
oriented polyethylene terephthalate film as a support 
layer and a thin magnetic metallic layer formed on one 
surface (A) of the support layer and optionally a 
lubricant layer formed on the other surface (B) of the 
support layer; characterized in that 

(1) the surface A has a center-line average 
(CLA) of not more than 0.005 m$ 

(2) the surface A has a peak-to-valley (PV) 
value of not more than 0.06 ym/ 

(3) the number of protrusions having a height 

of 0.27 to 0.54 ym on the surface A is at most 0.2 per 

2 

mm I and 

(4) the surface A is substantially free from 
protrusions having a height larger than 0^54 ym. 

2. The magnetic recording medium of claim 1 
wherein the surface A ha's a center-line average (CLA) 
of not more than 0.004 ym. 

3. The magnetic recording medium of claim 1 
wherein the surface A is substantially free from 
protrusions having a height larger than 0.2? ym. 

4. The magnetic recording medium of claim 1 
wherein the oriented polyethylene terephthalate film 
as the support layer is produced by subjecting a lower 
alkyl ester of a dicarboxylic acid comprising terephthalic 
acid as a main component and a glycol comprising 
ethylene glycol as a main: component to an ester- 
interchange reaction in the presence of , as a catalyst, 

a compound of at least one metal selected from Mn, Zn, 
Ca and Mg using a glycol solution of a trialkyl phosphate 
as a stabilizer, polycondensing the ester-interchange 
reaction product, extruding the resultant polyethylene 
terephthalate, stretching the resulting film, and heat- 
setting the stretched film. 

5. The magnetic recording medium of claim 1 where- 
in the thin magnetic metal layer is formed by vacuum 
evaporation, sputtering, ion plating or electroless 
plating, and has a thickness of 0.02 to 1.5 ym. 



